We study three generation models in the four-dimensional spacetime, which can be derived from the ten-dimensional N = 1 super Yang-Mills theory on the orbifold background with a non-vanishing magnetic flux. We classify the flavor structures and show possible patterns of Yukawa matrices. Some examples of numerical studies are also shown. *
Introduction
Extra dimensional field theories, in particular string-derived extra dimensional field theories, play important roles in particle physics, e.g. as an origin of the flavor structure including the hierarchy of quark/lepton masses and mixing angles. How to derive chiral theory is a key issue when our starting point is extra dimensional theory. Introduction of a magnetic flux in extra dimensional space is one of interesting ways to obtain chiral theory. Indeed, several studies have been carried out on models with magnetic fluxes in field theories and superstring theories [1, 2, 3, 4, 5, 6, 7, 8] . Furthermore, magnetized D-brane models are Tduals of intersecting D-brane models and within the latter framework several interesting models have been constructed [4, 5, 6, 9, 10, 11] 1 . Zero-modes are quasi-localized on the torus with the magnetic flux. The number of zeromodes, which corresponds to the generation number, is determined by the value of the magnetic flux in the same way as that the generation number is determined by the intersecting number in intersecting D-brane models. Yukawa couplings among zero-modes in four-dimensional effective theory are obtained by overlap integral of zero-mode profiles in extra dimensions. Large or suppressed Yukawa couplings can be derived depending on the size of overlap integral. That is, when zero-modes are quasi-localized far away from each other, their couplings in 4D effective field theory are suppressed. On the other hand, when their localized points are close to each other, 4D effective Yukawa couplings would be of O(1). Thus, magnetized torus models are quite interesting to derive realistic models, in particular a realistic flavor structure. However, it is still a challenging issue to derive realistic mass matrices of quarks and leptons.
Orbifolding the extra dimensions is another way to derive chiral theory [13] . In Ref. [14] , magnetized orbifold models have been studied 2 . Phenomenological aspects in magnetized orbifold models are different from those in magnetized torus models. Some of zero-modes are projected out by the orbifold projection. However, odd modes as well as even modes could correspond to zero-modes, although odd modes correspond to only massive modes on orbifolds without the magnetic flux. Then, the generation number is smaller than the number of the magnetic flux, i.e. one in magnetized torus models with the same magnetic flux. Thus, a new type of flavor structure can appear in magnetized orbifold models. Hence, it is quite important to study in detail phenomenological aspects of magnetized orbifold models. That is our purpose in this paper. We classify three generation models and study predicted patterns of Yukawa matrices.
The paper is organized as follows. In section 2, we give a review on magnetized orbifold models. In section 3, we classify three generation models on the orbifold with magnetic fluxes. In section 4, we study Yukawa couplings in three generation models and we show explicitly an example of numerical studies on our models. Section 5 is devoted to conclusion and discussion. In Appendix, we show explicitly all of possible Yukawa matrices in our three generation models.
Here, we give a review on extra dimensional models with a magnetic flux on torus and orbifold backgrounds [7, 14] .
U (N ) gauge theory on (T
We start with N = 1 ten-dimensional U(N) super Yang-Mills theory. We consider the background R 3,1 × (T 2 ) 3 , whose coordinates are denoted by x µ (µ = 0, · · · , 3) for the uncompact space R 3,1 and y m (m = 4, · · · , 9) for the compact space (T 2 ) 3 . At the first stage, we use orthogonal coordinates of the compact space and choose the torus metric such that y m is identified by y m + n m with n m = integer, i.e. y m ∼ y m + 1. At the end of this subsection, we will extend it by introducing the complex structure. Also, we can extend the following discussions to N = 1 super Yang-Mills theory on R 3,1 × (T 2 ) n . The Lagrangian is given by
where M, N = 0, · · · , 9. Here, λ denotes gaugino fields, Γ M is the gamma matrix for tendimensions and the covariant derivative D M is given as
where A M is the vector field. Furthermore, the field strength F M N is given by
The gaugino fields λ and the vector fields A m corresponding to the compact directions are decomposed as λ(x, y) = n χ n (x) ⊗ ψ n (y), A m (x, y) = n ϕ n,m (x) ⊗ φ n,m (y).
Here, we concentrate on zero-modes, ψ 0 (y) and we denote them as ψ(y) by omitting the subscript "0". Furthermore, the internal part ψ(y) is decomposed as a product of the i-th T 2 parts, i.e. ψ (i) (y 2i+2 , y 2i+3 ). Each of ψ (i) (y 2i+2 , y 2i+3 ) is two-component spinor, ψ (i) = (ψ (i)+ , ψ (i)− )
T , and their chirality for the i-th T 2 part is denoted by s i . We use the gamma matrixΓ m corresponding to the i-th T 2 as
and the total gamma matrices are obtained as their direct products with the four-dimensional part.
Here, we introduce the magnetic flux in the background as F 45 , F 67 and F 89 , which are given by
This background breaks the gauge group U(N) as U(N) → n a=1 U(N a ) with N = a N a . We concentrate on an Abelian flux, although in general non-Abelian magnetic fluxes, which reduce ranks of gauge groups, are possible [17, 18, 19] .
Here we focus on the U(N a ) × U(N b ) part, which has the magnetic flux,
for i = 1, 2, 3. We use the following gauge,
Similarly, the gaugino fields λ and their i-th torus parts are decomposed as
The fields λ aa and λ bb correspond to the gaugino fields under the unbroken gauge group U(N a )× U(N b ). On the other hand, λ ab and λ ba correspond to bi-fundamental matter fields, (N a ,N b ) and (N a , N b ), under the unbroken gauge group U(N a ) × U(N b ). The Dirac equations for these gaugino fields corresponding to zero-modes are obtained as
The gaugino fields, ψ aa and ψ bb , for the unbroken gauge symmetry have no effect from the magnetic flux in their Dirac equations. Hence, they have the same zero-modes as those on (T 2 ) 3 without the magnetic flux. On the other hand, the magnetic flux appears in the zero-mode equations of ψ ab and ψ ba corresponding to bi-fundamental matter fields, (N a ,N b ) and (N a , N b ) . Furthermore, they satisfy the following boundary conditions,
For the i-th T 2 with M 
The normalizable wavefunction for the j-th zero mode is obtained as
b | and j = 0, 1, · · · , N − 1, where N j is a normalization constant and
that is, the Jacobi theta-function. Furthermore, we can introduce the complex structure modulus τ by replacing the above Jacobi theta-function as
The total number of bi-fundamental zero-modes is given by
b | and all of them have the same six-dimensional chirality sign
Since the ten-dimensional chirality of gaugino fields is fixed, bi-fundamental zero-modes for either (N a ,N b ) or (N a , N b ) appear for a fixed four-dimensional chirality. That is, the total number of bi-fundamental zero-modes for (N a ,N b ) is equal to
When I ab < 0, this means that there appear |I ab | independent zero modes for (N a , N b ). It is also convenient to introduce the notation,
b . Zero-mode wavefunctions are given by a product of two-dimensional parts, i.e.
Here we review on the T 6 /(Z 2 × Z ′ 2 ) orbifold with a magnetic flux [14] .
First, let us study the U(N) gauge theory on the orbifold T 2 /Z 2 with the coordinates (y 4 , y 5 ), which transform as
under the Z 2 orbifold twist. Here, we associate the Z 2 twist with the Z 2 action in the gauge space as
and the Z 2 boundary conditions for gaugino fields,
where the Z 2 projection P must satisfy P 2 = 1. We focus on the U(N a ) × U(N b ) block (4), (6) and consider the spinor fields, λ 
. When we consider the Z 2 projection, either even or odd modes of them remain. Here note that
where Θ M (y 4 , y 5 ) = Θ 0 (y 4 , y 5 ). That is, even and odd functions are given by
respectively. For example, when we consider the projection P such that λ Table 1 shows the numbers of zero-modes with even and odd wavefunctions for M ≤ 10. If the magnetic flux is vanishing, we realize four-dimensional N = 1 supersymmetric gauge theories for the orbifold . Similarly, the Z ′ 2 boundary conditions are given by
with m = 4, 5, 8, 9 and n = 6, 7. Then, depending on the projections P and P ′ , even or odd modes for the i-th torus remain such as Θ 
Three generation magnetized orbifold models
In this section, we consider the U(N a ) × U(N b ) × U(N c ) models, which lead to three families of bi-fundamental matter fields, (N a ,N b ) and (N a , N c ). Such a gauge group is derived by starting with the U(N) group and introducing the following form of the magnetic flux,
where N = N a + N b + N c . For N a = 4, N b = 2 and N c = 2, we can realize the Pati-Salam gauge group up to U(1) factors, some of which may be anomalous and become massive by the GreenSchwarz mechanism. Then, the bi-fundamental matter fields, (N a ,N b ) and (N a , N c ) correspond to left-handed and right-handed matter fields. In addition, the bi-fundamental matter fields (N b ,N c ) correspond to higgsino fields. We assume that supersymmetry is preserved at least locally at the a − b sector, b − c sector and c − a sector. 3 Then, the number of Higgs scalar fields are the same as the number of higgsino fields. There are no tachyonic modes at the tree level. Indeed, in intersecting D-brane models it would be one of convenient ways towards realistic models to derive the Pati-Salam model at some stage and to break the gauge group to the group
(See e.g. Ref. [11, 20] and references therein.) 4 At the end of this section, we give a comment on breaking of SU (4) 
In both cases with and without orbifolding, the total number of chiral matter fields is a product of the numbers of zero-modes corresponding to the i-th T 2 for i = 1, 2, 3. That is, the three generations are realized in the models, where the i-th T 2 has three zero-modes while each of the other tori has a single zero mode. Thus, there are two types of flavor structures. That is, in one type the three zero-modes corresponding to both left-handed matter fields (N a ,N b ) and right-handed matter fields (N a , N c ) appear in the same i-th T 2 , while each of the other tori has a single zero-mode for (N a ,N b ) as well as (N a , N c ). In the other type, three zero-modes of (N a ,N b ) and (N a , N c ) are originated from different tori. The Yukawa coupling for 4D effective field theory is evaluated by the following overlap integral of zero-mode wavefunctions [22] 
where ψ L (y), ψ R (y) and φ H (y) denote zero-mode wave-functions of the left-handed, righthanded matter fields and Higgs field, respectively. Note that the integral corresponding to each torus is factorized in the Yukawa coupling. In the second type of flavor structure, one obtains the following form of Yukawa matrices,
at the tree-level, because the flavor structure of left-handed and right-handed matter fields are originated from different tori. This matrix, Y ij , has rank one and that is not phenomenologically interesting, unless certain corrections appear. Hence, we concentrate on the first type of the flavor structure. In the first type, the flavor structure is originated from the single torus, where both three zero-modes of (N a ,N b ) and (N a , N c ) appear. We assign this torus with the first torus.
On the other hand, the other tori, the second and third tori, do not lead to flavor-dependent aspects. That is, Yukawa matrices are obtained as the following form,
where the structure of a (1) ij is determined by only the first torus corresponding to three zeromodes (N a ,N b ) and (N a , N c ) while the other tori contribute to overall factors a (2) and a (3) . Thus, we concentrate on the single torus, where both of three zero-modes (N a ,N b ) and (N a , N c ) appear, i.e. the first torus.
Zero-mode wavefunctions are classified into even and odd modes under the Z 2 twist. Only even or odd modes remain through the orbifold projection. Furthermore, the 4D Yukawa couplings are non-vanishing for combinations among (even, even, even) wavefunctions and (even, odd, odd) wavefunctions, while Yukawa couplings vanish for combinations among (even, even, odd) wavefunctions and (odd, odd, odd) wavefunctions. Thus, we study only the former case with non-vanishing Yukawa couplings, that is, the combinations among (even, even, even) wavefunctions and (even, odd, odd) wavefunctions. Hence, we are interested in four types of combinations of wavefunctions for the first torus, as shown in Table 2 . The II' type of combinations is obtained by exchanging the left and right-handed matter fields in the II type. Thus, we study explicitly the three types, I, II and III.
We can realize three even zero-modes when |I (1) ab | = 4, 5, as shown in Table 1 . On the other hand, three odd zero-modes can appear when |I (1) ab | = 7, 8. Furthermore, the consistency condition on magnetic fluxes requires
Thus, the number of Higgs and higgsino fields are constrained. Table 3 shows all of possible magnetic fluxes for the three types, I, II and III. The fourth and fifth columns of the table show possible sizes of magnetic fluxes for |I (1) bc | and the number of zero-modes corresponding to the Higgs fields. As a result, flavor structures of our models with Yukawa couplings are classified into 20 classes. However, the model with (|I (1) ab |, |I (1) ca |, |I (1) bc |) = (5, 7, 2) has no zero-modes for the Higgs fields. Thus, we do not consider this case, but we will study the other 19 classes in Table 3 . Therefore, we study possible flavor structures explicitly by deriving the coupling selection rule and evaluating values of Yukawa couplings in these 19 classes. That is the purpose of the next section. Before explicit study on flavor structures of 19 classes in the next section, we give a comment on breaking of SU(4) × SU(2) L × SU(2) R . At any rate, we need the SU(3) × SU(2) L × U(1) gauge group at low energy. When the magnetic flux and orbifold projections lead to the SU(4) × SU(2) L × SU(2) R gauge group from U(8) as we have discussed so far, we need further breaking of SU (4
. Such breaking can be realized by assuming non-vanishing vacuum expectation values (VEVs) of Higgs fields like adjoint scalar fields for SU(4) and SU(2) R and/or bi-fundamental scalar fields like (4, 1, 2) and (4, 1, 2) on fixed points. Note that our models have degree of freedom to add any modes at the fixed points from the viewpoint of point particle field theory. The above breaking may affect the structure of Yukawa matrices as higher dimensional operators. However, we will show results on Yukawa matrices without such corrections.
Alternatively, magnetic fluxes and/or orbifold projections break
The gauge group U(3) × U(1) 1 would correspond to U(4) and U(1) 2 × U(1) 3 would correspond to U(2) R . We assume that all the bi-fundamental matter fields under U(3) × U(1) 1 , i.e. extra colored modes, are projected out. The bi-fundamental matter fields for U(3) × U(1) 2 and U(3) × U(1) 3 correspond to up and down sectors of right-handed quarks, respectively. Similarly, up and down sectors of Higgs fields and right-handed charged leptons and neutrinos are obtained. In this case, the classification of this section and patterns of Yukawa matrices, which will be studied in the next section and Appendix, are available for up-sector and down-sector quarks as well as the lepton sector. However, the up sector and down sector can correspond to different classes of Table 3 . On the other hand, the up sector and down sector correspond to the same class in Table 3 , when the SU(4) × SU(2) L × SU(2) R is broken by VEVs of Higgs fields on fixed points as discussed above.
4 Yukawa couplings in three generation models
Yukawa interactions
Following [7, 23] , first we show computation of Yukawa interactions on the torus with the magnetic flux. Omitting the gauge structure and spinor structure, the Yukawa coupling among left, right-handed matter fields and Higgs field corresponding to three zero-mode wavefunctions,
is written by
where
cb and c is a flavor-independent contribution due to the other tori. Note that M 1 + M 2 = M 3 . Because of the gauge invariance, not the wavefunction
* appears in the Yukawa coupling [7] . By using the formula of the ϑ function,
Wavefunctions satisfy the orthogonal condition
Then, the integral of three wavefunctions is represented by
where ℓ = integer. Thus, we have the selection rule for allowed Yukawa couplings as
where i, j and k are defined up to mod M 1 , M 2 and M 3 , respectively. 5 In addition, the Yukawa coupling Y ijk , in particular its flavor-dependent part, is written by the ϑ function. When
where ℓ 0 is an integer corresponding to a particular solution of
Zero-mode wavefunctions on the orbifold with the magnetic flux are obtained as even or odd linear combinations of wavefunctions on the torus with the magnetic flux (7). Thus, it is straightforward to extend the above computations of Yukawa couplings on the torus to Yukawa couplings on the orbifold. As a result, Yukawa couplings on the orbifold are obtained as proper linear combinations of Yukawa couplings on the torus, i.e. linear combinations of ϑ functions. Here we introduce the following short notation for the Yukawa coupling,
Since the value of M is unique in one model, we omit the value of M as well as τ for a compact presentation of long equations. Four models in Table 3 has |I
bc | = 0, where the Higgs zero-mode corresponds to the even function, that is, the constant profile. We can repeat the above calculation for this case, that is, the case where, one of wavefunctions in (8), e.g. Θ i,M 1 (z) is constant. As a result, the Yukawa matrix is proportional to the (3 × 3) unit matrix, Y jk = c ′ δ jk . That is not realistic. Thus, we will not consider such models.
At any rate, we can apply the above selection rule and η N for 20 classes of models, which have been classified in section 3, in order to analyze explicitly all of possible patterns of Yukawa matrices. In the next subsection, we show one example of Yukawa matrix among 20 classes of models. In Appendix, we show all of possible Yukawa matrices for 15 classes of models in Table  3 except models with I
(1) bc = 0 and the model without zero-modes for the Higgs fields. 5 See for the selection rule in intersecting D-brane models, e.g. Ref. [24, 25] . 
An illustrating example: 7-7-14 model
Let us study the model with (|I
ca |, |I
bc |) = (7, 7, 14) . Following Table 3 , we consider the combination of zero-mode wavefunctions, where zero-modes of left and right-handed matter fields and Higgs fields correspond to odd, odd and even wavefunctions, respectively. Their wavefunctions are shown in Table 4 . Hereafter, for concreteness, we denote left and righthanded matter fields and Higgs fields by L i , R j and H k , respectively. This model has eight zero-modes for Higgs fields.
Then, their Yukawa couplings Y ijk L i R j H k are written by
where Here we have used the short notation η N defined in Eq. (9) with the omitted value M = M 1 M 2 M 3 = 686.
Numerical examples in 7-7-14 model
Here, we give examples of numerical studies by using the 7-7-14 model, which is discussed in the previous subsection. For such studies, the numerical values of η N defined in Eq. (9) are useful. The N-dependence of η N is shown in Fig. 1 . We assume that both the up-sector and the down-sector of quarks as well as their Higgs fields have the Yukawa matrix, which is led in the 7-7-14 model. Such situation is realized in the case that we start with the U(8) gauge group and break it to U(4) × U(2) L × U(2) R by the magnetic flux, and then the Pati-Salam gauge group is broken to the Standard gauge group by assuming VEVs of Higgs fields on fixed points. Alternatively, we break the U(8) gauge group to U(3) × U(1) 1 × U(2) L × U(1) 2 × U(1) 3 by magnetic fluxes and orbifold projections as discussed in section 3. Then, both the up-sector and down-sector of quarks can correspond to the Yukawa matrix led in the 7-7-14 model, although the up-sector and down-sector can generically correspond to different patterns of Yukawa matrices. In both cases, VEVs of the up-sector and down-sector Higgs fields are independent.
First, we consider the case that VEVs of H 
Let us assume H 
Conclusion
We have studied three generation magnetized orbifold models. We have classified their flavor structures and studied explicitly possible patterns of Yukawa matrices. Our models have a rich flavor structure, especially compared with the corresponding models without orbifolding. Realistic quark masses and mixing angles can be derived within the framework of magnetized orbifold models. We can extend our numerical studies including the lepton sector.
Here, we have studied the models, where all of three generations are originated from bulk modes. However, we have degree of freedom to put some of three generations of quarks and leptons on certain orbifold fixed points. In addition, we can assume that some Higgs fields are localized on certain orbifold fixed points. In such cases, we would have more variety of flavor structure. Furthermore, it is possible to consider localized magnetic fluxes on orbifold fixed points, which are independent of the bulk magnetic flux. 6 Since such localized magnetic fluxes would affect profiles of zero-modes, that is one of interesting extensions of our models.
We have restricted ourselves to Abelian fluxes, but we can also extend our analysis to models with non-Abelian fluxes, which can reduce ranks of gauge groups. Moreover, although we have concentrated on the factorizable torus, (T 2 ) 3 , it would be interesting to study possibilities for extensions to non-factorizable orbifolds [27] . 
A Possible patterns of Yukawa matrices
In this appendix, we show explicitly all of possible Yukawa matrices for 15 classes of models in Table 3 except the models with I 
A.1 (Even-Even-Even) wavefunctions
Here, we study the patterns of Yukawa matrices in the models, where zero-modes of left, righthanded matter fields and Higgs fields correspond to even, even and even functions, respectively.
A.1.1 4-4-8 model
Let us study the model with (|I (1) ab |, |I (1) ca |, |I 
This model has five zero-modes for the Higgs fields. Yukawa couplings Y ijk L i R j H k are given by 
A.1.2 4-5-9 model
Here we show the model with (|I (1) ab |, |I (1) ca |, |I (1) bc |) = (4, 5, 9 ). The following table shows zeromode wavefunctions of left, right-handed matter fields and Higgs fields.
This model has five zero-modes for Higgs fields. Yukawa couplings Y ijk L i R j H k are given by
, where
in the short notation η N defined in Eq. (9) with M = M 1 M 2 M 3 = 180.
A.1.3 4-5-1 model
Here we show the model with (|I (1) ab |, |I (1) ca |, |I (1) bc |) = (4, 5, 1). The following table shows zeromode wavefunctions of left, right-handed matter fields and Higgs field.
This model has a single zero-modes for the Higgs field. Yukawa couplings Y ijk L i R j H k are given
Here we have used the short notation η N defined in Eq. (9) with the omitted value M = M 1 M 2 M 3 = 20.
A.1.4 5-5-10 model
Here we show the model with (|I (1) ab |, |I (1) ca |, |I
(1) 5, 10 ). The following table shows zeromode wavefunctions of left, right-handed matter fields and Higgs fields.
This model has six zero-modes for Higgs fields. Yukawa couplings Y ijk L i R j H k are obtained as 
A.2 (Even-Odd-Odd) wavefunctions
Here, we study the patterns of Yukawa matrices in the models, where zero-modes of left, righthanded matter fields and Higgs fields correspond to even, odd and odd functions, respectively.
A.2.1 4-7-11 model
Here we show the model with (|I (1) ab |, |I
bc |) = (4, 7, 11). The following table shows zeromode wavefunctions of left, right-handed matter fields and Higgs fields.
This model has five zero-modes for the Higgs fields. Yukawa couplings
in the short notation η N defined in Eq. (9) with M = M 1 M 2 M 3 = 308.
A.2.2 4-7-3 model
Here we show the model with (|I
bc |) = (4, 7, 3 ). The following table shows zeromode wavefunctions of left, right-handed matter fields and Higgs fields.
This model has a single zero-modes for Higgs fields. Yukawa couplings Y ijk L i R j H k are obtained as
A.2.3 4-8-12 model
bc |) = (4, 8, 12 ). The following table shows zeromode wavefunctions of left, right-handed matter fields and Higgs fields.
where 
A.2.4 4-8-4 model
Here we show the model with (|I (1) ab |, |I (1) ca |, |I (1) bc |) = (4, 8, 4) . The following table shows zeromode wavefunctions of left, right-handed matter fields and Higgs fields.
in the short notation η N defined in Eq. (9) with
A.2.5 5-7-12 model
bc |) = (5, 7, 12) . The following table shows zeromode wavefunctions of left, right-handed matter fields and Higgs fields.
This model has five zero-modes for the Higgs fields. Yukawa coupling Y ijk L i R j H k are given by
A.2.6 5-8-13 model
Here we show the model with (|I (1) ab |, |I (1) ca |, |I (1) bc |) = (5, 8, 13 ). The following table shows zeromode wavefunctions of left, right-handed matter fields and Higgs fields.
This model has six zero-modes for the Higgs fields. Yukawa couplings Y ijk L i R j H k are given by
A.2.7 5-8-3 model
Here we show the model with (|I (1) ab |, |I (1) ca |, |I (1) bc |) = (5, 8, 3 ). The following table shows zeromode wavefunctions of left, right-handed matter fields and Higgs fields.
This model has a single zero-mode for the Higgs field. Yukawa couplings
in the short notation η N defined in Eq. (9) with M = M 1 M 2 M 3 = 120.
A.3 (Odd-Odd-Even) wavefunctions
Here, we study the patterns of Yukawa matrices in the models, where zero-modes of left, righthanded matter fields and Higgs fields correspond to odd, odd and even functions, respectively.
A.3.1 7-7-14 model
Here we show the model with (|I (1) ab |, |I (1) ca |, |I (1) bc |) = (7, 7, 14) . This model is studied in the subsections 4.2 and 4.3 in detail. The zero-mode wavefunctions of left, right-handed matter fields and Higgs fields are shown in Table 4 .
This model has eight zero-modes for the Higgs fields. Yukawa couplings Y ijk L j R j H k are obtained as 
A.3.2 7-8-15 model
Here we show the model with (|I (1) ab |, |I (1) ca |, |I (1) bc |) = (7, 8, 15 ). The following table shows zeromode wavefunctions of left, right-handed matter fields and Higgs fields.
This model has eight zero-modes for the Higgs fields. Yukawa couplings 
A.3.3 7-8-1 model
bc |) = (7, 8, 1 ). The following 
A.3.4 8-8-16 model
Here we show the model with (|I (1) ab |, |I (1) ca |, |I (1) bc |) = (8, 8, 16 ). The following table shows zeromode wavefunctions of left, right-handed matter fields and Higgs fields. 
